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DRIVING CIRCUIT FOR ENERGY RECOVERY IN 

PANEL 



Technical Field 

The present invention relates, in general, to a driving circuit for energy 
5 recovery in a plasma display panel and, more particularly, to a driving circuit for 
energy recovery, which employs a new construction that uses a regenerative 
transformer, thus simplifying the energy recovery driving circuit used during a 
sustain period of the plasma display panel, increasing energy recovery efficiency, 
and enabling a zero voltage switching to be performed. 

10 Background Art 

In the case of a surface discharge type alternating current (AC) plasma 
display panel (PDP), a high voltage is periodically applied to a panel capacitance. 
Generally, a driving circuit for energy recovery is employed in a driving circuit 
for such a PDP. The energy recovery driving circuit is a circuit that increases 

15 system efficiency, reduces Electromagnetic Interference (EMI) noise and 
stably/effectively drives a PDP for a sustain period by recovering energy of a 
charged/discharged panel capacitance. 

Figs. 1 to 4 illustrate various conventional energy recovery driving 
circuits. In this case, third to sixth switches SW3 to SW6 are preferably 

2 0 switches (also called clamping switches) provided with backward body diodes 
and capable of high speed switching. In the conventional energy recovery 
driving circuits shown in Figs. 1 to 3, first and third switches SWland SW3 are 
also preferably switches provided with backward body diodes. Further, a 
resonant inductor L is an unsaturated inductor, which is operated linearly within 

2 5 the range of a panel drive operating current. 

In the drawings, a PDP is represented by an equivalent circuit modeled 
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upon a parallel circuit that consists of a current source indicating discharge 
current and a capacitance C with a certain, value. First, second, fifth and sixth 
diodes Dl, D2, D5 and D6 represent high speed switching diodes. 

In a first conventional circuit shown in Fig. 1, a first switch SW1 is 
5 turned on to allow an input voltage to be converted to a resonance voltage, thus 
charging the panel capacitance C through the resonant inductor L. In this case, 
the voltage of the panel capacitance C increases up to the input voltage by the 
resonance of the resonant inductor L connected in series with the panel 
capacitance C (because a voltage at the resonant inductor L, v= L (di/dt)), and, 
1 0 immediately after that, the third switch S W 3 is turned on to supply energy to the 
panel. When the panel capacitance C is discharged, the second switch SW2 is 
turned on to cause resonance, thus recovering voltage energy stored in the panel 
capacitance C to an input voltage source. In this case, the first conventional 
circuit is. disadvantageous in that, since the first switch SW1 must be 
15 compulsorily turned off when the voltage of the panel capacitance C becomes 1/2 
of the input voltage (which is a voltage input to the panel during a sustain period, 
that is, sustain voltage), a control operation is complicated, and since a turn-off 
hard switching must be carried out when a maximum current flows through the 
switch, operating efficiency is deteriorated. Further, even at the time of energy 
20 recovery, since the second switch SW2 must be compulsorily turned off when a 
voltage between both ends of the panel capacitance C becomes 1/2 of the input 
voltage, a control operation is also complicated and operating efficiency is 
deteriorated. Further, when the panel is discharged, the turn-on control of the 
third switch SW3 must be accurately performed to smoothly supply energy to the 
25 panel. 

In a second conventional circuit shown in Fig. 2, a very large capacitor 
voltage source or capacitor DC with a voltage of 1/2 of a panel input voltage is 
provided outside the circuit, and the resonance of a resonant inductor L connected 
in series with the panel capacitance C is used. A first switch SW1 is turned on 
30 to increase a voltage of the panel capacitance to the input voltage, and, 
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immediately after that, the second switch SW3 is turned on to supply energy to 
the panel. Thereafter, the second switch SW2 is turned on to cause resonance, 
thus recovering voltage energy stored in the panel capacitance C to the capacitor 
voltage source DC. Since half-wave resonance is naturally finished by diodes 
5 Dl and D2 connected in series with the first and second switches SW1 and SW2, 
respectively, a zero voltage switching can be performed and a control operation is 
simplified, but the number of elements increases and the circuit is complicated. 
Further, since the voltage of the capacitor voltage source DC is actually 
maintained at a level less than 1/2 of the input voltage due to the loss of the 
10 circuit, a voltage between both ends of the panel capacitance C cannot increase up 
to the input voltage. That is, the energy recovery driving circuit is operated 
while the resonance energy of thereof is always insufficient due to system loss. 
In order to overcome this disadvantage, there is required a control operation of 
maintaining the voltage of the capacitor voltage source DC at a level greater than 
15 or equal to a certain value (less than or equal to a certain voltage when the panel 
capacitance C is discharged). Further, since high frequency pulse current flows 
through the capacitor voltage source DC, Equivalent Series Resistance (ESR) loss 
is also generated. A circuit identical with each of the first and second 
conventional circuits is symmetrically arranged on the opposite side of the panel, 
2 0 and acts as an inverter circuit during one period, thus performing repeated 
operations. 

A third conventional circuit shown in Fig. 3 performs resonance using a 
resonant inductor L connected in parallel with a panel capacitance C. First and 
fourth switches SW1 and SW4 are turned on to supply energy to a panel, and are 
25 simultaneously turned off after the supply of energy is finished. At this time, if 
a fifth switch SW5 is turned on, a voltage between both ends of the panel 
capacitance C half-wave resonates from a positive input voltage to a negative 
input voltage, and the resonance is spontaneously stopped by a fifth diode D5. 

At this time, the third and second switches SW3 and SW2 are turned on 
30 to supply energy to the panel from the opposite direction. In the same manner as 
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the above process, a second switch SW6 is turned on to perform a next operation. 
The third conventional circuit is disadvantageous in that the voltage between both 
ends of the panel capacitance suddenly changes from a positive input voltage to a 
negative input voltage, and it cannot increase up to the input voltage due to 
5 system loss as in the case of the second conventional circuit. 

In a fourth conventional circuit of Fig. 4, modified from the third 
conventional circuit, a panel is divided into PDP1 and PDP 2 and panel 
capacitances are allowed to resonate with resonant inductors LI and L2 
connected in series with the panel capacitances, respectively. Since different 

10 inductors are used at the rising and falling of the voltage, rising and falling timing 
can be controlled and the voltage does not change suddenly. However, the 
fourth conventional circuit is disadvantageous in that the circuit and the control 
operation thereof are excessively complicated, and the voltage between both ends 
of each panel capacitance cannot increase up to the input voltage due to system 

15 loss. 

The first conventional circuit is disadvantageous in that loss is generated 
due to the hard-switching, and accurate turn-off control for switches is required. 
The second conventional circuit is disadvantageous in that a large capacitor 
operated as another voltage source must be provided outside the circuit, and the 

20 number of elements increases. Further, the first to fourth conventional circuits 
require the accurate turn-on control for the third switch SW3 so as to smoothly 
supply energy to the panel. Further, the third conventional circuit is 
disadvantageous in that it is difficult to control the sudden change of the voltage 
between both ends of the panel capacitance, and it is also difficult to smoothly 

25 supply energy to the panel through the first to fourth switches SW1 to SW4. 
The fourth conventional circuit is disadvantageous in that the circuit and the 
control operation thereof are excessively complicated, and the panel must be 
divided into two parts and driven. The second to fourth conventional circuits are 
disadvantageous in that the voltage between both ends of the panel capacitance 

30 cannot increase up to the input voltage due to system loss. Accordingly, the 
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second to fourth conventional circuits are problematic in that they cannot 
guarantee 100% zero voltage switching of the inverter clamping switches SW3 
and SW4 supplying discharging energy to the panel, and switching loss and EMI 
noise are generated. 

5 Disclosure of the Invention 

Accordingly, the present invention has been made keeping in mind the 
above problems occurring in the prior art, and an object of the present invention 
is to provide an energy recovery driving circuit, which directly recovers 
charging/discharging energy of a panel capacitance to a voltage source using a 
1 0 regenerative transformer, thus remarkably decreasing the number of necessary 
elements relative to conventional circuits, and simplifying a control operation. 

Another object of the present invention is to provide an energy recovery 
driving circuit, in which resonance conditions can be set such that a voltage 
between both ends of a panel capacitance increases up to an input voltage in spite 
15 of system loss. 

A further object of the present invention is to provide an energy recovery 
driving circuit, which can effectively and stably drive the discharging of a PDP. 

In accordance with one aspect of the present invention, the above and 
other objects can be accomplished by the provision of an energy recovery driving 
20 circuit for driving a load with a certain capacitance, comprising a resonant 
inductor connected to the load for allowing a charge and/or discharge current to 
be applied to the load to flow through the resonant inductor; a primary coil of a 
transformer, connected to the resonant inductor, the primary coil being connected 
to both the resonant inductor and the load so as to allow the charge and/or 
25 discharge current to flow through the primary coil when the charging and/or 
discharge current flows through the load through the resonant inductor; at least 
one secondary coil of the transformer, coupled to the primary coil; and an energy 
recovery unit for generating a current according to the predetermined number of 
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turns of the secondary coil in the secondary coil to allow the current flowing 
through the secondary coil to be recovered to a supply voltage source. 

Preferably, the energy recovery unit comprises first switching means 
connected to a supply voltage for receiving a first switching signal to allow a 
5 resonance current used to charge the load to flow through the resonant inductor 
from the supply voltage; and second switching means connected to ground for 
receiving a second switching signal to allow a resonance current used to 
discharge the load to flow through the resonant inductor from the load. 

Preferably, the energy recovery driving circuit further comprises a 

10 sustain driving unit for supplying a sustain voltage to the load; wherein the 
sustain driving unit comprises third switching means connected between the 
supply voltage and the load to supply the sustain voltage to the load by reception 
of a third switching signal after the load is charged by the resonance current used 
to charge the load, fourth switching means connected between the ground and the 

15 load to apply a ground voltage to the load by reception of a fourth switching 
signal after the load is discharged by the resonance current used to discharge the 
load, a third body diode connected in parallel with the third switching means to 
prevent a charged voltage of the load from increasing to be greater than the 
supply voltage when the load is charged, and a fourth body diode connected in 

2 0 parallel with the fourth switching means to prevent a discharged voltage of the 
load from decreasing to be less than the ground voltage when the load is 
discharged. 

In this case, the resonance current is recovered to a supply voltage source 
through the third body diode after the load is charged to be greater than or equal 
25 to the supply voltage, and the resonance current is recovered to the ground 
through the fourth body diode after the load is discharged to be less than or equal 
to the ground voltage. 

Brief Description of the Drawings 
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Fig. 1 is a circuit diagram of a conventional energy recovery driving 

circuit; 

Fig. 2 is a circuit diagram of another conventional energy recovery 
driving circuit; 

5 Fig. 3 is a circuit diagram of a further conventional energy recovery 

driving circuit; 

Fig. 4 is a circuit diagram of still another conventional energy recovery 
driving circuit; 

Fig. 5 is a circuit diagram of a first energy recovery driving circuit 
1 0 according to a first embodiment of the present invention; 

Fig. 6 is a circuit diagram of a second energy recovery driving circuit 
according to a second embodiment of the present invention; 

Fig. 7 is a circuit diagram of a third energy recovery driving circuit 
according to a third embodiment of the present invention; 
15 Fig. 8 is a circuit diagram of a fourth energy recovery driving circuit 

according to a fourth embodiment of the present invention; 

Fig. 9 is a circuit diagram of a fifth energy recovery driving circuit 
according to a fifth embodiment of the present invention; 

Fig. 10 is a circuit diagram of a sixth energy recovery driving circuit 
2 0 according to a sixth embodiment of the present invention; 

Fig. 1 1 is a circuit diagram of a seventh energy recovery driving circuit 
according to a seventh embodiment of the present invention; 

Fig. 12 is a waveform diagram showing an example of the operation of 
the energy recovery driving circuit according to the embodiments of the present 
2 5 invention; 

Fig. 13a to 13e are circuit diagrams showing operations according to 
modes of the energy recovery driving circuit according to the first embodiment of 
the present invention; 

Fig. 14a to 14e are circuit diagrams showing operations according to 
30 modes of the energy recovery driving circuit according to the second embodiment 
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of the present invention; 

Fig. 15a to 15e are circuit diagrams showing operations according to 
modes of the energy recovery driving circuit according to the third embodiment 
of the present invention; 
5 Fig. 16a to 16e are circuit diagrams showing operations according to 

modes of the energy recovery driving circuit according to the fourth embodiment 
of the present invention; 

Fig. 17a to 17e are circuit diagrams showing operations according to 
modes of the energy recovery driving circuit according to the fifth embodiment of 
10 the present invention; 

Fig. 18a to 18e are circuit diagrams showing operations according to 
modes of the energy recovery driving circuit according to the sixth embodiment 
of the present invention; 

Fig. 19a to 19e are circuit diagrams showing operations according to 
15 modes of the energy recovery driving circuit according to the seventh 
embodiment of the present invention; 

Fig. 20a to 20d are circuit diagrams showing operations according to 
modes and equivalent circuits of an eighth energy recovery driving circuit 
according to an eighth embodiment of the present invention; 
20 Fig. 21a and 21b are circuit diagrams showing a ninth energy recovery 

driving circuit according to a ninth embodiment of the present invention, and an 
equivalent circuit thereof; 

Fig. 22 is a conceptual view in which the energy recovery driving circuit 
of the present invention is applied to a multi-level driving circuit; 
25 Fig. 23 is a circuit diagram showing an example in which the energy 

recovery driving circuit of the present invention is applied to a multi-level driving 
circuit; 

Figs. 24a to 24d are circuit diagrams showing equivalent circuits to 
describe operations according to modes in the circuit of Fig. 23; 
30 Figs. 25a to 25f are circuit diagrams showing operations according to 
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modes and equivalent circuits thereof when the energy recovery driving circuit of 
the present invention is driven in a current injection manner; and 

Figs. 26a and 26b are circuit diagrams showing examples in which the 
energy recovery driving circuit of the present invention is applied to various 
5 driving circuits. 

Best Mode for Carrying Out the Invention 

In the energy recovery driving circuit according to a first embodiment of 
the present invention, the primary coil is connected between the resonant inductor 
and the load, the first switching means is connected between the supply voltage 

10 and the resonant inductor, and the second switching means is connected between 
the resonant inductor and the ground; and the energy recovery unit further 
comprises first and second diodes for conducting a current in a direction of the 
supply voltage source. The secondary coil comprises a first secondary coil 
connected in series with the first diode between the supply voltage and the ground 

15 and coupled to the primary coil so as to allow a charge current to flow through the 
supply voltage source when the charge current flows through the primary coil, 
and a second secondary coil connected in series with the second diode between 
the supply voltage and the ground and coupled to the primary coil so as to allow a 
discharge current to flow into the supply voltage source when the discharge 

2 0 current flows through the primary coil. 

In the energy recovery driving circuit according to a second embodiment 
of the present invention, the primary coil has a first end connected to the resonant 
inductor and a second end connected to both the first and second switching 
means, the first switching means is connected between the supply voltage and the 

25 primary coil, and the second switching means is connected between the primary 
coil and the ground; the energy recovery unit further comprises a first diode for 
conducting a current in an opposite direction of the ground voltage from the 
ground voltage and a second diode for conducting a current in a direction of the 
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15 



supply voltage; and the secondary coil comprises a first secondary coil connected 
in series with the first diode between the primary coil and the ground, and 
coupled to the primary coil so as to allow a charge current to flow out from the 
ground when the charge current flows through the primary coil, and a second 
5 secondary coil connected in series with the second diode between the supply 
voltage and the primary coil, and the ground voltage and coupled to the primary 
coil so as to allow a discharge current to flow into the supply voltage source when 
the discharge current flows through the primary coil. 

In the energy recovery driving circuit according to a third embodiment of 
10 the present invention, the primary coil has a first end connected to the resonant 
inductor and a second end connected to both the first and second switching 
means, the first switching means is connected between the supply voltage and the 
primary coil, and the second switching means is connected between the primary 
coil and the ground; the energy recovery unit further comprises a first diode for 
conducting a current in an opposite direction of the ground and a second diode for 
conducting a current in a direction of the supply voltage; and the secondary coil is 
provided with a first end connected to the primary coil and a second end 
connected to a common end of the first and second diodes, and is coupled to the 
primary coil for allowing a charge current to flow out from the ground when the 
charge current flows through the primary coil and allowing a discharge current to 
flow into the supply voltage source when the discharge current flows through the 
primary coil. 

In the energy recovery driving circuit according to a fourth embodiment 
of the present invention, the primary coil has a first end connected to the resonant 

25 inductor and a second end connected to both the first and second switching 
means, the first switching means is connected between the supply voltage and the 
primary coil, and the second switching means is connected between the primary 
coil and the ground; the energy recovery unit further comprises a first diode for 
conducting a current in an opposite direction of the ground and a second diode for 

3 0 conducting a current in a direction of the supply voltage; and the secondary coil 
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comprises a first secondary coil connected in series with the first diode between a 
common end of the primary coil and the resonant inductor and the ground, and 
coupled to the primary coil so as to allow a charge current to flow out from the 
ground when the charge current flows through the primary coil, and a second 
5 secondary coil connected in series with the second diode between the supply 
voltage and the common end of the primary coil and the resonant inductor, and 
coupled to the primary coil so as to allow a discharge current to flow into the 
supply voltage source when the discharge current flows through the primary coil. 

In the energy recovery driving circuit according to a fifth embodiment of 
10 the present invention, the primary coil has a first end connected to the resonant 
inductor and a second end connected to both the first and second switching 
means, the first switching means is connected between the supply voltage and the 
primary coil, and the second switching means is connected between the primary 
coil and the ground; the energy recovery unit further comprises a first diode for 
15 conducting a current in an opposite direction of the ground and a second diode for 
conducting a current in a direction of the supply voltage; and the secondary coil is 
connected between a common end of the primary coil and the resonant inductor 
and a common end of the first and second diodes, and is coupled to the primary 
coil for allowing a charge current to flow out from the ground when the charge 

2 0 current flows through the primary coil and allowing a discharge current to flow 

into the supply voltage source when the discharge current flows through the 
primary coiL 

In the energy recovery driving circuit according to. a sixth embodiment of 
the present invention, the primary coil has a first end connected to the resonant 
25 inductor and a second end connected to the load, the first switching means is 
connected between the supply voltage and the resonant inductor, and the second 
switching means is connected between the resonant inductor and the ground; the 
energy recovery unit further comprises a first diode for conducting a current in an 
opposite direction of the ground and a second diode for conducting a current in a 

3 0 direction of the supply voltage; and the secondary coil comprises a first secondary 
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coil connected in series with the first diode between a common end of the primary 
coil and the load and the ground, and coupled to the primary coil so as to allow a 
charge current to flow out from the ground when the charge current flows through 
the primary coil, and a second secondary coil connected in series with the second 
5 diode between the supply voltage and the common end of the primary coil and the 
load, and coupled to the primary coil so as to allow a discharge current to flow 
into the supply voltage source when the discharge current flows through the 
primary coil. 

In the energy recovery driving circuit according to a seventh 
10 embodiment of the present invention, the primary coil has a first end connected to 
the resonant inductor and a second end connected to the load, the first switching 
means is connected between the supply voltage and the resonant inductor, and the 
second switching means is connected between the resonant inductor and the 
ground; the energy recovery unit further comprises a first diode for conducting a 
1 5 current in an opposite direction of the ground and a second diode for conducting a 
current in a direction of the supply voltage; and the secondary coil is connected 
between a common end of the primary coil and the load and a common end of the 
first and second diodes, and is coupled to the primary coil for allowing a charge 
current to flow out from the ground when the charge current flows through the 
20 primary coil and allowing a discharge current to flow into the supply voltage 
source when the discharge current flows through the primary coil. 

Hereinafter, preferred embodiments of the present invention will be 
described in detail with reference to the attached drawings. 

The attached drawings are only embodiments, and the scope of the 
2 5 present invention is not limited to the embodiments. Those skilled in the art will 
appreciate that elements shown in the drawings can be replaced by means 
performing functions similar to the elements. 

Fig. 5 is a circuit diagram of a first energy recovery driving circuit 
according to a first embodiment of the present invention. 
30 In this case, third and fourth switches SW3 and SW4 are preferably 
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switches having backward body diodes B3 and B4, respectively, and capable of 
high speed switching. However, first and second switches do not always require 
the body diodes in view of the operation of the present invention. Further, first 
and second diodes Dl and D2 are preferably high speed switching diodes. 
5 Preferably, a resonant inductor L is an unsaturated inductor, which is linearly 
operated within the range of a panel drive operating current. The resonant 
inductor L can be replaced by leakage inductance of a transformer. Preferably, 
the transformer (Nl: N2) is a high frequency transformer in which the number of 
turns of a primary side is Nl and the number of turns of a secondary side is N2. 
10 A PDP is represented by an equivalent circuit modeled upon a parallel circuit that 
consists of a current source indicating a discharge current and a capacitance C 
with a certain value. In the embodiment of Fig. 5, only one side circuit is 
depicted. The same circuit as that of Fig. 5 can be arranged on the opposite side 
of the panel and can be operated using the same principle and driving manner as 
15 the circuit of Fig. 5. The circuit of Fig. 5 represents the first embodiment of the 
present invention, and other embodiments, which will be described later, are 
different from the first embodiment in the positions of elements and the 
constructions of circuits, but they follow the same technical spirit as the first 
embodiment in operating principles and driving manners. Accordingly, other 
20 embodiments can be easily understood from the principles of the first 
embodiment. 

Provided that the first embodiment represents an ideal circuit without 
taking system loss into consideration, and the turn ratio of the transformer is 1:2, 
the voltage between both ends of a panel capacitance C becomes equal to the 

2 5 input voltage at the time the current of the resonant inductor L passes through a 

maximum point from "0" and then becomes "0" at the time of resonance. 
However, in an actual system, loss occurs and all elements are not ideal, so the 
turn ratio of the transformer must be optimally designed to increase the voltage 
between both ends of the panel capacitance up to the input voltage. In 

3 0 consideration of system loss, the turn ratio of the transformer can be optimally 
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calculated. The circuit proposed in this embodiment enables 100% zero voltage 
switching of inverter clamping switches SW3 and S W4 and solves an EMI noise 
problem, because the turn ratio of the transformer is optimally designed and so 
the voltage between both ends of the panel capacitance C can increase up to the 
5 input voltage. Further, while the capacitance C is charged/discharged, some 
energy is recovered to the input voltage source through the regenerative 
transformer, so energy recovery can be achieved without an additional element 
(for example, a very large capacitor bank DC in the second conventional circuit). 

In Figs. 13a to 13e, the operations of the energy recovery driving circuit 
10 according to the first embodiment of the present invention of Fig. 5 are depicted. 
Reference numerals are indicated on the basis of Fig. 5. 

First operating mode: Turn-on operation of first switch SW1 
As shown in Fig. 13a, if the voltage of the panel capacitance C is "0", the 
first switch S Wl is turned on to allow the input voltage, the resonant inductor L, 
15 the voltage induced in the transformer, and the panel capacitance C to be 
connected in series with each other, thus causing serial resonance. The input 
voltage is reflected in the primary side F according to the number of turns thereof 
by a current flowing through the primary side F of the transformer, and a current 
corresponding to the number of turns of the secondary side S 1 is recovered to the 
2 0 input voltage source. In the case of an ideal system, if the sum of the input 
voltage and the voltage induced in the transformer becomes 1/2 of the input 
voltage, the voltage of the panel capacitance increases up to the input voltage at 
the time the current of the resonant inductor L becomes "0" and it is necessary to 
turn on the third switch SW3, which is an inverter clamping switch. However, 
25 system loss actually exists, so the turn ratio of the transformer is designed such 
that the sum of the input voltage and the voltage induced in the transformer is 
greater than 1/2 of the input voltage. That is, the turn ratio of the transformer is 
designed such that the number of turns N2 of the secondary side is greater than or 
equal to two times the number of turns Nl of the primary side. In this case, 
30 since a resonance voltage source is greater than 1/2 of the input voltage source, 
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the voltage of the panel capacitance must resonate greater than the input voltage, 
but it is clamped to the input voltage by a body diode of the inverter clamping 
switch (the third switch SW3). At this time, if the third switch SW3 is turned 
on 5 100% zero voltage switching is possible. 

5 Second operating mo de: turn-on operation of body diode of third switch 

SW3 

As shown in Fig. 13b, if the turn ratio of the transformer is designed to 
generate sufficient resonance energy, the third switch SW3 is turned on 
immediately after a body diode B3 of the third switch SW3 is turned on after the 
10 voltage of the panel capacitance C becomes the input voltage. In this case, by 
using a simple driving circuit for applying a drive voltage to the third switch S W3 
after the voltage between both ends of the third switch SW3 becomes "0" while 
applying a drive pulse voltage to the third switch SW3 in advance, the drive of 
the third switch SW3 can be simply and accurately controlled. A plurality of 
1 5 techniques related to this switching control method have been proposed. 

In this case, a current flowing through the resonant inductor L is linearly 
reduced due to the voltage induced in the transformer. After the current becomes 
"0", the current does not flow in reverse direction due to the first diode Dl of the 
secondary side SI of the transformer. After that, a zero voltage switching is 
20 possible if the first switch SW1 is turned off. The current flowing through the 
resonant inductor L is recovered to the input voltage source through the 
secondary side S2 of the transformer while flowing through the first and third 
switches SW1 and SW3. 

Third operatin g mode: supply of panel discharge current through third 
25 switch SW3 

After that, the energy recovery driving circuit is not operated and 
supplies a discharge current to the panel through the third switch SW3 and 
another inverter switch on the opposite side when the panel is discharged by the 
input voltage applied to the panel (Fig. 13c). 
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Fourth op erating mode: turn-on operation of second switch SW2 
As shown in Fig. 13 d, when the third switch SW3 is turned off, and then 
the second switch S W2 is turned on in the case where the voltage of the panel 
capacitance C is the input voltage, the resonant inductor L, the voltage induced in 
5 the transformer and the panel capacitance C are connected in series with each 
other, thus causing serial resonance. The input voltage is reflected in the 
primary side F according to the number of turns thereof by a current flowing 
through the primary side F of the transformer, and a current corresponding to the 
number of turns of the secondary side S2 is recovered to the input voltage source. 
10 In the case of an ideal system, if the voltage induced in the transformer is 1/2 of 
the input voltage, the voltage of the panel capacitance C falls to "0" at the time 
the current flowing through the resonant inductor L becomes "0", and it is 
necessary to turn on the fourth switch SW 4 which is the inverter clamping 
switch. However, since system loss actually exists, the turn ratio of the 
15 transformer is designed such that the voltage induced in the transformer is less 
than 1/2 of the input voltage. That is, the turn ratio of the transformer is 
designed such that the number of turns N2 of the secondary side S2 is greater 
than or equal to two times the number of turns Nl of the primary side F. In this 
case, since the resonance voltage source is less than 1/2 of the input voltage 
20 source, the panel voltage must resonate less than a zero voltage. However, the 
panel voltage is clamped to the zero voltage by a body diode B4 of the fourth 
switch SW4 which is the inverter clamping switch. At this time, if the fourth 
switch SW4 is turned on, 100% zero voltage switching is possible. 

Fifth operati ng mode: turn-on operation of body diode of fourth switch 

25 SW4 

As shown in Fig. 13e, if the turn ratio of the transformer is designed to 
generate sufficient resonance energy, the fourth switch SW4 is turned on 
immediately after the body diode B4 of the fourth switch SW4 is turned on after 
the voltage of the panel capacitance C becomes "0". In this case, by using a 
30 simple driving circuit for applying a drive voltage to the fourth switch SW4 after 
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the voltage between both ends of the fourth switch SW4 becomes "0" while 
applying a drive pulse voltage to the fourth switch SW4 in advance, the drive of 
the fourth switch SW4 can be simply and accurately controlled. A plurality of 
techniques related to this method have been proposed. 
5 In this case, a current flowing through the resonant inductor L is linearly 

reduced due to the voltage induced in the transformer. After the current becomes 
"0", the current does not flow in reverse direction due to the second diode D2 of 
the secondary side S2 of the transformer. After that, a zero current switching is 
possible if the second switch S W2 is turned off. 
1 0 The current flowing through the resonant inductor L is recovered to the 

input voltage source through the secondary side S2 of the transformer while 
flowing through the second and fourth switches SW2 and S W4. 

Sixth operat ing mode: maintenance of ground voltage through fourth 
switch SW4 

15 Thereafter, the energy recovery driving circuit is not operated, and the 

panel voltage is maintained at the ground voltage by the fourth switch SW4. 
The above-described operations are equally repeated by another circuit on the 
opposite side of the energy recovery driving circuit. 

Fig. 6 is a circuit diagram of a second energy recovery driving circuit 
2 0 according to a second embodiment of the present invention. As described 
above, the first embodiment employs a construction in which the resonance 
circuit and the input voltage source are separated by the regenerative transformer. 
In this case, voltage stresses on the first and second diodes Dl and D2 increase, 
and current stresses on the first and second switches SW1 and SW2 increase. If 
2 5 the position of the transformer is moved as shown in Fig. 6 so as to solve the 
stress problem, the voltage stresses on the first and second diodes Dl and D2 
decrease to 1/2 of previous stresses, and the current stresses on the first and 
second switches SW1 and SW2 also decrease to 1/2 of previous stresses. 

Fig. 7 illustrates a third embodiment of the present invention, in which 
30 center-tapped half-bridge windings of secondary sides SI and S2 in the second 
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embodiment of Fig. 6 are replaced by a full-bridge winding of a secondary side S. 
In this case, the transformer is simplified in structure and is convenient to 
manufacture. However, a current flows bidirectionally through the secondary 
winding S of the transformer two times. 
5 Fig. 8 illustrates a fourth embodiment of the present invention, in which 

the position of a transformer changes to reduce current stress on a primary side of 
the transformer to 1/2. In this case, since a resonant inductor L must be inserted 
outside the transformer, leakage inductance of the transformer cannot be used as 
the resonant inductor, while the number of turns of a secondary side of the 
1 0 transformer is reduced to 1/ 2. 

Fig. 9 illustrates a fifth embodiment of the present invention, in which 
center-tapped half-bridge windings of secondary sides SI and S2 in the circuit of 
Fig. 8 are replaced by the full-bridge winding of a secondary side S as in the case 
of Fig. 7. In this case, the transformer is simplified in structure and is 

15 convenient to manufacture. However, a current flows bidirectionally through 
the secondary winding S of the transformer two times. 

Figs. 14a to 14e are circuit diagrams showing the operations of the 
second embodiment of the present invention shown in Fig. 6. Figs. 14a to 14e 
correspond to the above-described first to fifth operating modes of the 

20 embodiment of Fig. 5, respectively, and they can be easily understood from the 
description of the operations of Fig. 5. 

Figs. 15a to 15e are circuit diagrams showing the operations of the third 
embodiment of the present invention shown in Fig. 7. Figs. 15a to 15e 
correspond to the above-described first to fifth operating modes of the 

2 5 embodiment of Fig. 5, respectively, and they can be easily understood from the 
above description of the operations of Fig. 5. 

Figs. 16a to 16e are circuit diagrams showing the operations of the fourth 
embodiment of the present invention shown in Fig. 8. Figs. 16a to 16e 
correspond to the above-described first to fifth operating modes of the 

30 embodiment of Fig. 5, respectively, and they can be easily understood from the 
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above description of the operations of Fig. 5. 

Figs. 17a to 17e are circuit diagrams showing the operations of the fifth 
embodiment of the present invention shown in Fig. 9. Figs. 17a to l^e 
correspond to the above-described first to fifth operating modes of the 
5 embodiment of Fig. 5, respectively, and they can be easily understood from the 
above description of the operations of Fig. 5. 

As described above, the second to fifth embodiments of the present 
invention shown in Figs. 14a to 14e, Figs. 15a to 15e, Figs. 16a to 16e, and Figs. 
17a to 17e, respectively, can be easily understood from the operations of the first 
10 embodiment, which are described with reference to Figs. 13a to 13e, so detailed 
description thereof is omitted. 

Fig. 10 illustrates a sixth embodiment of the present invention. The 
first embodiment of Fig. 5 is an input voltage feedback type, while the sixth 
embodiment is a capacitance voltage feedback type in which the voltage of a 
15 panel capacitance C is reflected in a transformer. This embodiment is 
additionally advantageous in that current stress imposed on a resonant inductor L 
is reduced. When a resonance circuit is designed, it must be considered that the 
impedance of the panel capacitance is reflected in the transformer. Operating 
modes are described below. 
20 Fig. 11 illustrates a seventh embodiment of the present invention, in 

which center-tapped half-bridge windings of secondary sides SI and S2 in the 
circuit of Fig. 10 are replaced by a full-bridge winding of a secondary side S as in 
the case of Fig. 7. In this case, the transformer is simplified in structure and is 
convenient to manufacture. However, a current flows bidirectionally through 
2 5 the secondary winding S of the transformer two times. 

Hereinafter, the sixth embodiment of the present invention of Fig. 10 is 
described in detail with reference to Figs. 1 8a to 1 8e. 

First operating mode: turn-on operation of first switch SW1 
As shown in Figs. 18a to 18e, if the voltage of the panel capacitance C is 
30 "0", a first switch SW1 is turned on to allow an input voltage, a resonant inductor 
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L, a capacitance voltage induced in a transformer, and the panel capacitance C to 
be connected in series with each other, thus causing serial resonance. The 
voltage and impedance of the panel capacitance C is reflected in a secondary side 
SI according to the number of turns thereof by a current flowing through the 
5 primary side F of the transformer. The secondary side SI charges the panel 
capacitance C by a current corresponding to the number of turns thereof. In the 
case of an ideal system, if the sum of the voltage of the panel capacitance C and 
the voltage induced in the transformer becomes two times the voltage of the panel 
capacitance C 5 the panel voltage increases up to the input voltage at the time the 
10 current of the resonant inductor L passes through a maximum value from "0" and 
then becomes "0" again, and it is necessary to turn on a third switch SW3, which 
is an inverter clamping switch. However, system loss actually exists, so the turn 
ratio of the transformer is designed such that the sum of the voltage of the panel 
capacitance and the voltage induced in the transformer is less than two times the 
15 voltage of the panel capacitance C. That is, the turn ratio of the transformer is 
designed such that the number of turns N2 of the secondary side is greater than or 
equal to the number of turns Nl of the primary side. In this case, since the 
maximum value of the sum of the voltage of the panel capacitance C and the 
voltage induced in the transformer is less than the voltage of input voltage source, 
20 the panel voltage must resonate greater than the input voltage, but the panel 
voltage is clamped to the input voltage by a body diode B3 of the third switch 
SW3 which is the inverter clamping switch. At this time, if the third switch 
SW3 is turned on, 100% zero voltage switching is possible. 

Second ope rating mode: turn-on operation of body diode of third switch 

25 SW3 

As shown in Fig. 18b, if the turn ratio of the transformer is designed to 
generate sufficient resonance energy, the third switch SW3 is turned on 
immediately after the body diode B3 of the third switch SW3 is turned on after 
the voltage of the panel capacitance C becomes the input voltage. In this case, 
30 by using a simple driving circuit for applying a drive voltage to the third switch 
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SW3 after the voltage between both ends of the third switch SW3 becomes "0" 
while applying a drive pulse voltage to the third switch S W3 in advance, the drive 
of the third switch SW3 can be simply and accurately controlled. A plurality of 
techniques related to this method have been proposed. 
5 In this case, the current flowing through the resonant inductor L is 

linearly reduced due to the voltage induced in the transformer. After the current 
becomes "0", the current does not flow in reverse direction due to the first diode 
Dl. After that, if the first switch SW1 is turned off, a zero current switching is 
possible. The current flowing through the resonant inductor L is recovered to 
10 the input voltage source through the secondary side SI of the transformer while 
flowing through the first and third switches SW1 and S W3. 

Third operating mode: s upply of panel discharge current throug h third 
switch SW3 

After that, the energy recovery driving circuit is not operated and 
15 supplies a discharge current to the panel through the third switch SW3 and 
another inverter switch on the opposite side when the panel is discharged by the 
input voltage applied to the panel (Fig. 18c). 

Fourth op erating mode: turn-on operation of second switch SW2 
As shown in Fig. 18d, when the third switch SW3 is turned off, and then 
2 0 the second switch SW2 is turned on in the case where the voltage of the panel 
capacitance C is the input voltage, the resonant inductor L, the voltage induced in 
the transformer, and the panel capacitance C are connected in series with each 
other, thus causing serial resonance; A voltage obtained by subtracting the 
voltage of the panel capacitance from the input voltage is reflected in the primary 
2 5 side F according to the number of turns thereof by a current flowing through the 
primary side F of the transformer. A current corresponding to the number of 
turns of the secondary side S2 is recovered to the input voltage source. In the 
case of an ideal system, if the sum of the voltage of the panel capacitance and the 
voltage induced in the transformer is a voltage obtained by subtracting two times 
30 the panel capacitance voltage from the input voltage, the voltage of the panel 
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capacitance C falls to "0" at the time the current flowing through the resonant 
inductor L becomes "0", and it is necessary to turn on the fourth switch SW 4 
which is the inverter clamping switch. However, since system loss actually 
exists, the number of turns N2 of the secondary side of the transformer is 
5 designed to be greater than or equal to the number of turns Nl of the primary 
side. In this case, the panel voltage must resonate less than a zero voltage, but it 
is clamped to the zero voltage by the body diode B4 of the fourth switch S W4 
which is an inverter clamping switch. At this time, if the fourth switch S W4 is 
turned on, 100% zero voltage switching is possible. 
10 Fifth operating mod e: turn-on operation of body diode of fourth switch 

SW4 

As shown in Fig. 18e, if the turn ratio of the transformer is designed to 
generate sufficient resonance energy, the fourth switch S W4 is turned on 
immediately after the body diode B4 of the fourth switch SW4 is turned on after 
15 the voltage of the panel capacitance becomes "0". In this case, by using a 
simple driving circuit for applying a drive voltage to the fourth switch SW4 after 
the voltage between both ends of the fourth switch SW4 becomes "0" while 
applying a drive pulse voltage to the fourth switch SW4 in advance, the drive of 
the fourth switch SW4 can be simply and accurately controlled. A plurality of 
2 0 techniques related to this method have been proposed. 

In this case, a current flowing through the resonant inductor L is linearly 
reduced due to the voltage induced in the transformer. After the current becomes 
"0", the current does not flow in reverse direction due to the second diode D2. 

After that, a zero current switching is possible if the second switch SW2 
2 5 is turned off. 

The current flowing through the resonant inductor L is recovered to the 
input voltage source through the secondary side S2 of the transformer while 
flowing through the second and fourth switches SW2 and S W4. 
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Sixth operating mode: maintenance of ground voltage throug h fourth 
switch SW4 

After that, the energy recovery driving circuit is not operated, and the 
panel voltage is maintained at the ground voltage by the fourth switch SW4. 
. 5 The above-described operations are equally repeated by another circuit on the 
opposite side of the energy recovery driving circuit. 

Figs. 19a to 19e are circuit diagrams showing the operations of the 
seventh embodiment of the present invention shown in Fig. 1 1 . Figs. 19a to 1 9e 
correspond to the first to fifth operating modes of the sixth embodiment of Fig. 
10 10, respectively, and they can be easily understood from the above description of 
the operations for Fig. 1 0, so detailed description is omitted. 

Fig. 12 illustrates the control timing of switches for operating the energy 
recovery driving circuit according to the embodiment of the present invention. 
In Fig. 12, examples of control pulses applied to gates of first to fourth switches 
15 are depicted, and, additionally, currents flowing through respective switches and 
first and second diodes are depicted. Further, the panel voltage is depicted, and 
first to sixth modes depicted by dividing a time axis into six regions correspond to 
the above-described first to sixth operating modes, respectively. 

The above-described construction and operation of the present invention 
20 can be applied to all Alternating Current (AC) driving circuits with capacitive 
loads. The application of the present invention is not limited to the driving 
circuits of the plasma display panel, which are mainly described above. 

Further, the embodiments of the present invention shown in Figs. 5 to 1 1 
can be variously modified. Respective switching devices can be various 
25 switches performing similar operations, such as Field Effect Transistors (FETs), 
or Bipolar Junction Transistors (BJTs), and the voltage source can be a typical 
Direct Current (DC) voltage source, a capacitor voltage source, a capacitor with a 
large capacitance or the like. Those skilled in the art will appreciate that a 
difference between detailed designs due to the application of the embodiments is 
30 only simple design modification, and does not depart from the scope of the 
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present invention. 

Two-level energy recovery driving circuit using regenerative transformer 
Fig. 20a to 20e are circuit diagrams showing the operation of a two-level 
energy recovery driving circuit according to an eighth embodiment of the present 
5 invention. The two-level energy recovery driving circuit represents an 
embodiment in which, after energy recovery circuits are symmetrically arranged 
on opposite sides on the basis of a load capacitance C, as shown in Fig. 20a 5 both 
the energy recovery circuits are operated at the time of charging/discharging the 
load capacitance, thus causing charging/discharging. The embodiment of Fig. 
10 20a shows an example in which the energy recovery circuit 100 of Fig. 7 is 
employed on each of left and right sides of the load capacitance C. 

All of the above-described energy recovery driving circuits of the present 
invention can perform the same function as a conventional two-level energy 
recovery driving circuit in the case where charging and discharging are carried 
15 out by simultaneously operating both the energy recovery circuits after all AC 
voltage driving main switches (SW1 to SW4 of Fig. 20a) are turned off (Fig. 20a 
shows a charging process using both the energy recovery circuits, and Fig. 20c 
shows a discharging process). 

Figs. 20a to 20d are circuit diagrams showing operating modes (left sides 
2 0 of the drawings) of the energy recovery driving circuit and equivalent circuits 
(right sides of the drawings) in the respective operating modes when these two- 
level driving operations are performed. 

Meanwhile, in the case of the two-level driving manner, energy recovery 
driving circuits on the left and right sides of the load employ separate 
25 transformers, respectively, as shown in Fig. 20a, so consequently two 
transformers are necessary. In order to overcome such complexity of the circuit, 
a simpler circuit is shown in Fig. 21a. 

The embodiment of Fig. 21a shows an example in, which a single 
transformer is used for a first transformer on the left side, provided with a 
30 primary coil Fl and a secondary coil SI, and a second transformer on the right 
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side, provided with a primary coil F2 and a secondary coil S2 in the energy 
recovery driving circuit of Fig. 20a, so the construction of a circuit is simplified 
while the same function as in Fig. 20a is performed. Fig. 21b illustrates an 
equivalent circuit of the embodiment of Fig. 21a. In this case, by using an 
5 additional external small-sized voltage source without using an input voltage 
source, voltage stresses on the transformer and resonance auxiliary diodes can be 
reduced. If the circuit is implemented in this manner, since various external 
voltage sources actually exist in a complicated system, the energy recovery 
driving circuit can be more easily implemented. The advantages of the two- 
1 0 level driving manner of the proposed circuit are described below. 

(1) It is possible to decrease the number of transformers to one from two. 

(2) Stresses on the transformer and resonance auxiliary diode can be 
reduced and an optimal design can be achieved when an external 
voltage source is used. 

15 Application to multi-level driving circuit: 

Fig. 22 is a conceptual view in which the energy recovery driving circuit 
using a regenerative transformer of the present invention is applied to a multi- 
level driving circuit. As shown in Fig. 22, the Energy Recovery Circuit (ERC) 
proposed in the present invention can be applied to a multi-level driving circuit. 

2 0 As shown in Fig. 22, the multi-level driving circuit consists of capacitors MCI 
and MC2 using multiple voltages and clamping diodes CD1 and CD2 maintaining 
multiple voltages so as to enable low withstand voltage elements to be used at the 
time of driving a load C, and the energy recovery circuits 100 are inserted 
between multi-level voltage terminals and drive switches Sl-1, SI -2, S2-1 and 

2 5 S2-2, as shown in Fig. 22. 

Fig. 23 is a circuit diagram showing an example in which the energy 
recovery driving circuit of the present invention is applied to a multi-level driving 
circuit. Each energy recovery circuit 100 used to implement the multi-level 
driving circuit is a similar type to the circuit shown in Fig. 7. 
30 Figs. 24a to 24d illustrate equivalent circuits of the circuit of Fig. 23 



25 



WO 03/058592 



PCT/KR03/00040 



during charging/discharging operations according to operating modes (left sides 
of the drawings) and equivalent circuits thereof in respective modes (right sides 
of the drawings). In an operating mode of Fig. 24a, a charging process in which 
a charging voltage of a load capacitance C changes from 0 to V/2 is depicted, and 
5 in an operating mode of Fig. 24b, a charging process in which the charging 
voltage changes from V/2 to V is depicted. Further, in an operating mode of 
Fig. 24c, a discharging process in which a discharging voltage changes from V to 
V/2 is depicted, and in an operating mode of Fig. 24d, a discharging process in 
. which the discharging voltage changes from V/2 to 0 is depicted. 
10 Current injection driving manner: 

Figs. 25a to 25f illustrate examples in which the energy recovery driving 
circuit of the present invention is driven in a current injection manner. 
Generally, all energy recovery circuits using voltage sources can be driven in the 
current injection manner. Therefore, all energy recovery circuits using a 
1 5 regenerative transformer, proposed in the present invention, can also be driven in 
the current injection manner. Figs. 25a to 25f illustrate examples in which the 
energy recovery circuit of Fig. 7 is driven in the current injection manner. 

The current injection driving is characterized in that a drive switch SW4 
is first turned on to boost the current of the resonant inductor L before resonance 
20 by the resonant inductor L and the load capacitance C starts to charge the load 
capacitance C, as shown in Fig. 25a. Similar to this, in Fig. 25d, a drive switch 
SW3 is turned on to boost the current of the resonant inductor L before resonance 
starts to discharge the load capacitance C. 

Applicability to various driving circuits: 
25 Figs. 26a and 26b illustrate examples in which the energy recovery 

driving circuit of the present invention is applied to various driving circuits. The 
proposed Energy Recovery Circuit (ERC) using the regenerative transformer can 
be applied to various capacitive load driving circuits. Figs. 26a and 26b 
illustrate these examples. 
30 As shown in Fig. 26a, a driving circuit having two voltage sources (A 
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and B of Fig. 26a) including 1/2 of the input voltage (V/2) and -1/2 of the input 
voltage (-V/2), as well as a driving circuit having an input voltage V and a ground 
voltage 0, can be implemented to perform the same operation for the capacitive 
load. 

5 Further, as shown in Fig. 26b, by using charge pump capacitors E and F, 

-1/2 of the input voltage (-V/2) can be implemented only using 1/2 of the input 
voltage (V/2). Therefore, the energy recovery circuit ERC using the 
regenerative transformer proposed in the present invention can be applied to these 
various driving circuits. 
1 0 Although the preferred embodiments of the present invention have been 

disclosed in the detailed description of the present invention for illustrative 
purposes, those skilled in the art will appreciate that various modifications, 
additions and substitutions are possible, without departing from the scope and 
spirit of the invention. 

1 5 Therefore, the scope of the present invention must not be limited to the 

above embodiments, and must be defined in the accompanying claims and the 
like. 

(. 

Industrial Applicability 

As described above, the present invention provides an energy recovery 
20 driving circuit, which can provide a new driving circuit for effectively driving 
charging/discharging energy recovery of a panel capacitance and the discharging 
of the panel. Further, the energy recovery driving circuit of the present 
invention is advantageous in that it is stable, it reduces noises causing 
Electromagnetic Interference (EMI), and it simply controls a switch driving 
25 circuit. The driving circuit of the present invention is advantageous in that, 
since charging and/or discharging energy of the panel capacitance is directly 
recovered to an input voltage source, a capacitor bank for an external voltage 
source, used to perform series resonance, can be omitted, thus reducing the 
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number of elements of a panel driving circuit and simplifying the panel driving 
circuit. The driving circuit of the present invention can be constructed such that 
rated currents of some elements are reduced, thereby reducing production costs of 
the energy recovery driving circuit. According to the present invention, a zero 
5 current switching of switches of the energy recovery driving circuit is possible to 
further increase the drive efficiency of the energy recovery driving circuit. 
Further, the present invention enables 100% zero voltage switching of inverter 
clamping switches supplying panel discharging energy to be performed, thus 
further increasing the drive efficiency. In the present invention, it is possible to 
10 implement optimal resonance design in which system loss is taken into 
consideration such that the turn ratio of a transformer is controlled to increase a 
voltage between both ends of a panel capacitance up to an input voltage. These 
advantages of the present invention can be obtained by applying the present 
invention to all AC driving circuits with capacitive loads. The application of the 
15 present invention is not limited to driving circuits for the plasma display panel, 
which are mainly described above. 
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